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Abstract 
The in-situ damage progression in three carbon fibre reinforced cross-ply composite 
systems under tensile loading is examined, namely, carbon IM7/epoxy, carbon IM7/PEEK and 
carbon AS4/polyamide. Epoxy is a thermoset polymer while polyether ether ketone (PEEK) 
and polyamide are thermoplastic. The thermoset composite is manufactured in an autoclave 
using matrix pre-impregnated with unidirectional carbon fibres, while the thermoplastic 
composites are manufactured using laser-assisted automated tape placement (LATP). 
A tensile microtester is mounted in a scanning electron microscope to observe the damage 
mechanisms in-situ under tensile loading. X-ray computed tomography scans are also carried 
out to examine porosity in the material systems. IM7/epoxy and IM7/PEEK displayed similar 
damage mechanisms: transverse cracking in 90° plies followed by fibre breakage in the 
0° plies at the fillets and interlaminar fracture. AS4/polyamide displayed a different mechanism 
with fibre fracture appearing first in the 0° plies, followed by transverse cracking and 
interlaminar fracture. The effect of autoclave treatment on the materials manufactured by 
LATP has also been examined.  
Keywords: Polymer composite; damage; scanning electron microscope (SEM); thermoset; 
thermoplastic   
1. Introduction 
Carbon-fibre reinforced composites (CFRP) have become important in weight-sensitive 
applications such as aircraft, automotive, energy and space applications.  Composites have 
high strength-to-weight and stiffness-to-weight ratios, which come from the combination of 
fibre and matrix properties1. Thermoset composites have been preferred over thermoplastic 
composites because they are easier and cheaper to manufacture1. However, the use of 
thermoplastic composites in all sectors is increasing, particularly due to their greater 
recyclability, higher strain to failure and fracture toughness compared to thermosets2.  
Crossman and Wang3 observed failure mechanisms of fibre composite materials with different 
stacking sequences. They noted that failure mechanisms in composite materials are complex 
and generally undergo progressive damage under transverse tensile loading before final 
failure. In particular, they found that the occurrence of delamination before or after transverse 
cracking is dependent on the number of 90° plies. Since this early work, much research has 
been carried out to examine progressive failure in CFRP composites4-11. Schaefer et al.4 and 
Tan et al.5 analysed progressive damage in cross-ply carbon IM7/epoxy composite and found 
matrix dominated failure. Schaefer et al.4 focussed on the Northwestern Failure Theory (NU- 
Daniel Theory) to predict matrix dominated failure in cross-ply laminates using transverse 
tension, compression and shear strengths. Tan et al.5 investigated notch sensitivity of CFRP 
materials using X-ray computed tomography (CT) scan. Notched specimens were found to 
have lower strength than unnotched specimens but the reduction in strength was not 
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proportional to the stress concentration factor at the notch. This notch strengthening effect 
was explained by the damage around the notches causing a reduction in stress concentration. 
Traudes6 and Pedrero7 investigated cross-ply thermosets using X-ray micro computed 
tomography (micro-CT). Traudes6 conducted off-axis tensile loading on carbon/epoxy 
specimens and transverse microcracking was identified using a dye penetrant in the micro-CT 
scans. Pedrero7 manufactured specimens with artificial voids and examined their response to 
tensile loading. Kalafat and Sause8 compared damage evolution in a thermoset and a 
thermoplastic CFRP using CT scans and acoustic emission. It was observed that the 
thermoset composite had “solid chunk-wise matrix and fibre separation” while the 
thermoplastic composite had “multiple single fibre breaks”.8 Mortell et al.9 tested 
carbon fibre/epoxy composite specimens under three-point bending using a Deben 
microtester inside a scanning electron microscope (SEM) to observe the formation of 
transverse cracks due to debonding of the fibre matrix interface. Wright et al.10 tested notched 
cross-ply carbon fibre/epoxy composite specimens under in-situ uniaxial tension using 
synchrotron radiation CT and observed fibre splitting and transverse matrix cracks closer to 
the notched regions. Adak et al.11 tested notched cross-ply carbon fibre/epoxy composite 
specimens under in-situ tension using a field emission SEM and observed the onset of the 
microcrack, the propagation of the crack and the fibre splitting towards the end of the test. 
Bascom et al.12 concluded that the thermosets exhibited stronger fibre/matrix adhesion 
compared to their thermoplastic counterparts. 
The current work focuses on the damage sequence in a thermoset composite and two 
thermoplastic composites subjected to tensile loading. There is a distinct lack of understanding 
about the damage mechanisms in thermoplastic composites under tensile loading and one of 
the main objectives of the current research is to bridge this gap. Autoclave manufacturing is 
expensive in terms of running costs, consumables and energy.13 Hence new out-of-autoclave 
manufacturing techniques, such as laser assisted tape placement (LATP), are emerging. 
LATP can be used to manufacture complex geometries with a high production rate.13 
Comparisons are made between the thermoset which was manufactured using the autoclave 
process and thermoplastic composites which were manufactured using LATP. Comparisons 
were also made between LATP thermoplastic composites which underwent autoclave 
treatment, after LATP, and non-autoclaved LATP thermoplastic composites. These studies 
will provide insight into the effect of manufacturing routes on the final mechanical properties 
of the composite material.  
2. Materials and methods 
2.1. Composite material 
The matrix and fibre properties can be found on the product data sheets14-19. Two panels have 
been manufactured for each material system. 
The thermoset composite used for this research is 8552 epoxy with IM7 carbon fibre.  A square 
panel of 200 × 200 mm2 IM7/epoxy unidirectional pre-preg was cut and placed in the autoclave 
with stacking sequence [02/904]s. A standard autoclave cycle14 was used, as shown in Figure 
1, with a maximum pressure of 700 kN/m2 (7 bar) and maximum temperature of 180°C. After 
curing, 30 mm was removed from all edges using a diamond cutter. All the composite 
specimens have a stacking sequence of [02/904]s with thickness of 1.75 ± 0.25 mm. 
The reason for this stacking sequence was to observe transverse cracks in the 90° plies while 
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the other 0° plies provide stability to the composite avoiding catastrophic failure at low load 
caused by specimen preparation and handling20.  
The thermoplastic composites used for this research are AS4 carbon fibre embedded in PA12 
polyamide resin (AS4/polyamide) and IM7 carbon fibre embedded in polyether ether ketone 
(IM7/PEEK), both processed using LATP. The LATP system is contained in a clean room and 
remotely monitored using CCTV. The panels are manufactured by placing the unidirectional 
tape using a robot arm. The laser applies the heat to melt the tape, while a silicone roller 
applies pressure and cooling to complete the process. The roller is operated using a 
pneumatic cylinder and cooled externally with compressed air, as shown in Figure 2. The laser 
temperatures and the process parameters used for PEEK and polyamide PA12 are 410°C and 
200°C, respectively, based on the results of Ray et al.13 and Comer et al.21 A prismatic mould, 
as shown in Figure 3, is used to keep the specimens flat. The first two plies [02] are laid around 
the circumference of the mould; the next eight plies [908] are laid on one side of the square 
cross section and the final two plies [02] are laid around the circumference of the mould. 
Excess material is cut using a sharp edge.  
 
Figure 1 Autoclave cycle for carbon IM7/epoxy14 
 





Due to multiple in-situ heating and cooling cycles, the void content in composite panels 
manufactured by LATP can be high22. Hence one panel of each material system was subjected 
to an autoclave cycle with a maximum pressure of 100 kN/m2 (1 bar) and a maximum 
temperature of 400°C (PEEK) and 200°C (polyamide), based on their data sheets17, 18. The 
cooldown rate used for this process was 4°C/min. 
 
Figure 3 Prismatic mould used in ATP manufacturing with 0° plies around the circumference 
of the mould and 90° plies on one side of the cross-section. The arrows show the direction of 
the fibres 
2.2. Sample Preparation 
The geometry of the test specimen is shown in Figure 4. Three flat, dog-bone test specimens 
with in-plane dimensions 35 mm × 6 mm were machined from the five panels using water jet 
machining. The 35 mm length was chosen to accommodate the specimen between the parallel 
grips in the test rig. The 6 mm width was chosen to provide sufficient friction for the parallel 
grips. The specimen thickness is 1.5 mm, the gauge length is 4 mm and the fillet radius is 
2 mm. The test specimen surfaces were polished manually using sandpaper of grit size P1200 
followed by a polishing cloth without any particles. The specimens were then sputter coated 
with a conductive gold alloy to avoid polymer charging under high voltage in the SEM. A 
deposition current of 20 mA was applied for 45 s to give a coating thickness of 4.5 nm. 
2.3. Testing Apparatus 
A Deben microtester tensile stage is used to apply a tensile load to the test specimens. The 
microtester is mounted in a JEOL JSM-5600 SEM to observe damage progression through 
the composite with increasing load. With in-situ observation, real time video footage is 
recorded to observe the failure mechanisms at the micro-scale and directly relate these events 
to the load-displacement curve. The test overview, with key components of the microtester, is 
shown in Figure 5. The microtester load cell can apply up to 2 kN of force. Displacement of 
the grips is measured using an extensometer shown in Figure 5(a). Sandpaper is used to 
ensure the test specimen does not slip in the grips. 
Figure 6 shows a composite image of the full length of a test specimen with grips at both ends, 
as viewed in the SEM. The SEM gives a side view of the specimen (the YZ plane in Figure 4), 
i.e. the thickness dimension in this image is 1.5 mm. Some damage is evident in the specimen 
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before testing, as indicated by the outlined areas in Figure 6. It is believed that this damage, 
which was also observed under an X-ray micro-CT scan, occurs due to relaxation of thermal 
stresses in the material during the autoclave cycle23. 
 
Figure 4 Specimen geometry indicating fibre lay-up and gripped region. All dimensions in mm. 
3. Results and Discussion 
3.1. Damage mechanism in carbon IM7/epoxy 
A typical load-displacement curve from the IM7/epoxy test specimen is shown in Figure 7. The 
specimen fails at 1.998 kN which is close to the capacity of the load cell (2 kN). Apart from the 
load take-up at low load (before point ‘a’) there is some non-linearity evident in the 
load-displacement curve for loads above 1.5 kN (close to point ‘b’ indicated on Figure 7). A 
very small drop in load is also seen at 1.8 kN (between points ‘b’ and ‘c’) on Figure 7, which 
is highlighted in the inset to Figure 7. As will be discussed, interlaminar fracture was observed 
in the SEM at this load at one of the 0°/90° interfaces.  
 
Figure 5 Overview of Deben 2 kN microtester (a) view of the test rig with key components (b) 
view of the sample shown held in the grips. 
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Figure 6 Composite image of test specimen in-situ prior to testing. Sample shown is IM7/epoxy 
material (manufactured in the autoclave). Initial damage is visible in 0° plies (A) and in 
90° plies (B). 
Figure 8 provides SEM images of the IM7/epoxy test specimen under increasing load. The 
region examined is near the grips where damage was first observed (area shaded red in the 
inset to the figure; the dash lines in the inset represent the fillet). Figure 8(a), corresponds to 
an applied load of 0.04 kN (point ‘a’ on Figure 7).  The pre-existing transverse cracks in the 
90° plies seen in Figure 6 are observed to have opened following the application of the tensile 
load. Figure 8(b) corresponds to an applied load of 1.3 kN (point ‘b’ on Figure 7). Multiple 
transverse cracks (labelled A in the figure) have initiated in the 90° plies with the pre-existing 
cracks opening further. Delamination is observed at one of the 0°/90° interfaces (labelled B) 
and cracks in the 0° plies can be seen close to the delamination. Figure 8(c), corresponds to 
an applied load of 2.0 kN (point ‘c’ on Figure 7) which is the peak load. The cracks from 
Figure 8(b) have opened with some new cracks in the 90° plies. Fibre breakage is observed 
in the 0° plies with interlaminar fracture at the upper 0°/90° interfaces. Final failure, as seen in 
Figure 8(d), occurs after complete interlaminar fracture has occurred at both 0°/90° interfaces 
accompanied by fibre failure in the upper 0° plies. 
 
Figure 7 Load-displacement curve of carbon IM7/epoxy specimen. Points (a)–(d) on the curve 
correspond to the SEM images in Figure 8. Inset to the figure highlights small load-drop 





Figure 8 Damage progression in IM7/epoxy specimen (a) Transverse crack in 90° plies, load, 
P = 0.04 kN, (b) Transverse crack opening in 90° plies (A), interlaminar crack and crack in 
0° plies (B), P = 1.3 kN, (c) Transverse crack opening in 90° plies, crack opening in 0° plies 
and interlaminar fracture between 0° and 90° plies, P = 2 kN, (d) After final failure with 
separation of 90° plies (see also Figure 7). 
3.2. Damage mechanism in carbon IM7/PEEK 
Figure 9 shows a typical load-displacement curve for the IM7/PEEK specimen. The specimens 
are loaded until the load cell limit (2 kN) was reached. Some non-linearity is observed in the 
load displacement curve above 1.4 kN but failure is not observed. 
SEM micrographs in Figure 10 show damage in the IM7/PEEK test specimen near the grips. 
Figure 10(a) shows transverse cracks, which are observed at an applied load of 1 kN (point 
‘a’ on Figure 9). Figure 10(b) shows the opening of cracks in the 90° plies (labelled A) and 
initiation of damage in the 0° plies (labelled B) at an applied load of 1.2 kN (point ‘b’ on 
Figure 9). Figure 10(c) shows further damage in the 90° plies (B) and the 0° plies (A) at an 
applied load of 1.8 kN (point ‘c’ on Figure 9). Interlaminar cracks can also be seen at both of 
the 0°/90° ply interfaces. Figure 10(d) shows the damage at 2 kN (point ‘d’ on Figure 9)—the 




Figure 9 Typical load-displacement curve of an IM7/PEEK test specimen. Points (a)–(d) on 
the curve correspond to the SEM images in Figure 10 
It has been observed that some of the transverse cracks in the 90° plies do not extend all the 
way to the 0° plies, but instead form interlaminar cracks between two 90° plies. This is 
illustrated in a slice of an X-ray CT scan shown in Figure 11. Also evident in this image is the 
large amount of porosity. It may be noted that these voids are present at the start of the test 
(as will be discussed in Section 3.5).  
 
Figure 10 Damage progression in IM7/PEEK (a) Initiation of cracking in 90° plies, load, 
P = 1 kN, (b) Propagation of transverse crack in 90° plies (A) and crack initiation in 0° plies 
(B), P = 1.2 kN, (c) Crack propagation in 0° plies (A) and transverse crack initiation in 
90° plies (B) with interlaminar crack between bottom 0° ply and 90° ply, P = 1.8 kN, (d) 




Figure 11 X-ray CT scan of IM7/PEEK specimen, indicating transverse crack in the 90° plies 
(A) becoming an interlaminar crack between two 90° plies (B). Inset shows the location of 
the scan, which was taken at a depth, x = 0.75 mm, relative to the centreline.  
3.3. Damage mechanism in carbon AS4/polyamide  
A typical load-displacement curves from the carbon AS4/polyamide test specimen is illustrated 
in Figure 12. The specimen fails at a load close to 1.2 kN, with some non-linearity in the 
load-displacement curve for loads above 0.7 kN.  
 
 
Figure 12 Typical load-displacement curve of AS4/polyamide test specimen. Solid circles with 
labels (a)–(d) indicate location for SEM images in Figure 13. 
The corresponding SEM micrographs in Figure 13 show fibre splitting in the 0° plies of the 
AS4/polyamide test specimen close to the parallel grips. The small fibres observed at the 
surface of the material in Figure 13, not seen for the other materials, are believed to be due to 









Figure 13(a) shows the damage at a load of 0.4 kN (point ‘a’ in Figure 12). Damage has 
already initiated in the 0° plies due to fibre breakage. This corresponds to a stress of approx. 
380 MPa in the 0° plies, which is significantly lower than the stated strength of the AS4 fibres 
(4.4 GPa). The reason for the discrepancy may be attributed to the stress concentration in the 
fillet region of the specimen where fibre fracture is first observed (the fillet region is close to 
the grips seen in Figure 4). Furthermore, the fibres in this region may be damaged due to the 
machining process, leading to reduced strength in the fibre direction. Figure 13(b), 
corresponds to a load of 1.1 kN (point ‘b’ on Figure 12). The initiation of new cracks in the 
0° plies (labelled A) and the 90° plies (B) can be seen. The crack shown in Figure 13(a) has 
opened parallel to the loading direction (C). Figure 13(c) shows the damage just before failure 
with interlaminar cracks at the interfaces of the lower 0°/90° plies (C). Complete failure 
occurred when a transverse crack extends the width of the 90° plies and multiple fibres failed 
in the 0° plies, as shown in Figure 13(d). 
Figure 14 shows higher resolution image of the damage evolution in the carbon 
AS4/polyamide specimen. Figure 14(a) shows cracking in two of the 0° plies at a load of 
0.4 kN. Initiation of transverse cracks (B) and interlaminar cracks (A) is shown in Figure 14(b). 
Figure 14(c), corresponding to an applied load of 0.8 kN, shows the propagation of the crack 
in the 0° plies. Figure 14(d), corresponding to an applied load close to failure, shows 
transverse cracks in the 90° plies.  
 
Figure 13 Damage progression in AS4/poylamide. (a) Initiation of cracking in 0 ply, 
P = 0.4 kN, (b) Initiation of cracking in 0 (A) and 90 ply (B) and crack opening in 0 plies 
(C), P = 1. 1 kN, (c) Crack opening in the 0 (A) and 90 plies (B) with interlaminar crack 
(C) between bottom 0 ply and 90 ply, P = 1.2 kN, (d) Final failure. 
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Figure 14 Higher resolution images of damage progression in carbon AS4/polyamide test 
specimen. (a) Initiation of cracks in top 0 ply, P = 0.4 kN, (b) Initiation of interlaminar crack 
between bottom 0 ply and 90 ply (A) and transverse crack in 90 plies (B), P = 0.7 kN, (c) 
Crack propagation in the 0 plies, P = 0.8 kN, (d) Transverse crack opening in the 90 plies, 
P = 1.2 kN (see also Figure 12 and Figure 13). 
3.4. Comparison of epoxy, polyamide and PEEK composites 
Figure 15(a) shows the three repeat tests for the IM7/epoxy system, confirming the 
repeatability of these tests. The three IM7/epoxy samples failed at loads of 1.998 kN, 1.994 kN 
and 1.990 kN, with non-linearity observed above 1.5 kN and corresponding failure stress of 
687 MPa, 666 MPa and 664 MPa, respectively Similar repeatability is seen for the other 
systems. A comparison of the load-displacement behaviour of the material systems is shown 
in Figure 15(b). The strongest system is the IM7/PEEK thermoplastic material which did not 
fail at the maximum available load of 2 kN. The lowest strength is the AS4/polyamide 
thermoplastic material. Progression of damage is similar for the IM7/PEEK thermoplastic and 
the IM7/epoxy thermoset —transverse cracking in 90° plies followed by damage in the 0° plies 
and interlaminar cracking. The AS4/polyamide thermoplastic material shows a different 
damage mechanism, which is unexpected in composites—fibre failure in the 0° plies followed 
by transverse cracking in the 90° plies and then interlaminar fracture. Damage was significant 
near the grips for all three systems. However, due to the lower strain to failure of the AS4 
fibres, the stress concentration of the fillet and the scale effect of the grips, 0 fibres breakage 
occurred in the AS4/polyamide system. It should be noted that the failure strain of 
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polyamide  is more than 100% compared to 15% for PEEK  and 1.7% for epoxy14. The failure 
strain of the AS4 fibres is 1.7% compared to 1.9% for the IM7 fibres. Thus, transverse cracking 
in 90° plies is expected to be delayed in the AS4/polyamide material. 
Figure 15 (b) shows that the strength of AS4/polyamide is approx. 40% lower than that of 
IM7/epoxy (failure loads are approx. 1.2 kN and 2 kN, respectively). The strength of the 
polyamide matrix is 45 MPa17,  while that of epoxy is 121 MPa14 (difference of approx. 60%). 
The strength of AS4 fibre is 4.4 GPa15 while that of IM7 fibre is 5.6 GPa16 (difference of approx. 
20%). This suggests that the overall strength of these composite systems is related to both 
the matrix and fibre strength, consistent with the observed failure mechanisms, and that the 
lower strength of the AS4/polyamide thermoplastic system is primarily related to the strain to 
failure of the fibre and the scale effects occurring at the grips combined with the lower tensile 
strength of the AS4 fibres. It may also be noted that despite the significantly higher ductility of 
polyamide compared to epoxy, the displacement at failure for the AS4/polyamide is less than 
that of the IM7/epoxy system. This may be attributed to the higher interfacial bonding of the 
thermoset system compared to the thermoplastic system12 and the poor notch resistance of 
the thermoplastic system.24  
 
Figure 15 (a) Load-displacement curves for carbon AS4/polyamide specimens (b) 
Comparison of load-displacement curves for three material systems 
While overall failure was not observed for the IM7/PEEK specimens, the SEM micrographs 
(Figure 10), indicate that the specimens are near final failure at the maximum load of the load 
cell, 2 kN. Based on these micrographs, it is estimated that the failure load for the IM7/PEEK 
specimens is approximately 2.1 kN. Thus, the thermoplastic IM7/PEEK system has slightly 
higher strength than the thermoset IM7/epoxy system. This observation is somewhat 
inconsistent with the relative strengths of the PEEK (100 MPa) and epoxy (121 MPa14) 
matrices. However, as stated above, the ductility of PEEK is higher than that of epoxy (15% 
vs 1.7%14, respectively), leading to an overall higher strength for the IM7/PEEK system. This 
explanation is consistent with the micrographs in Figure 8, for IM7/epoxy, and Figure 10, for 
IM7/PEEK. By comparing, for example, Figure 8(c) and Figure 10(d,) both at 2 kN, it may be 
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seen that at the same load, the damage in the 90° plies for IM7/epoxy is significantly higher 
than that for IM7/PEEK.  
3.5. Influence of autoclave treatment  
Figure 16 shows the influence of autoclave treatment on the test specimens manufactured by 
ATP. Figure 16(a) shows the load displacement curves of three carbon AS4/polyamide 
samples which did not receive autoclave treatment and three carbon AS4/polyamide samples 
which received autoclave treatment. While there is some variability in the results, the trends 
are consistent. The non-autoclaved carbon AS4/polyamide samples failed at loads close to 
1 kN with corresponding failure stress between 275 MPa and 314 MPa. The autoclaved 
carbon AS4/polyamide samples failed at loads close to 1.5 kN with the corresponding failure 
stress between 330 MPa and 395 MPa. Thus, the autoclaved carbon AS4/polyamide 
specimens fail at approx. 15% higher load. There is also an approx. 10% higher displacement 
at failure, indicating that autoclave treatment improves ductility as well as strength. This is 
believed to be due to the reduction of voids from the autoclave treatment. Failure was not 
observed for the IM7/PEEK material system with or without autoclave treatment (see 
Figure 16(b)). Therefore, no statement can be made with regard to the effect of the autoclave 
treatment on the strength of this system. However, it may be noted that the stiffness of the 
IM7/PEEK system is increased by the autoclave treatment.    
Figure 17 shows a slice of the CT scan of the IM7/PEEK test specimens with and without 
autoclave treatment prior to testing.  It may be observed in Figure 17(a) that there is significant 
porosity in the matrix, which is not apparent for the material subjected to autoclave shown in 
Figure 17(b). The reduction in void content is expected to lead to an increase in strength for 
the autoclaved material. Table 1 shows the comparison between the thermoset and 
thermoplastic systems as well as a comparison of the autoclave treatment on the 
AS4/polyamide in terms of the average tensile strength observed at failure for three specimens 
in each system. 
 
Figure 16 Influence of autoclave treatment on mechanical response of ATP thermoplastic 
materials      
 14 
 
Figure 17 CT scan of initial damage in IM7/PEEK system (a) without autoclave treatment (b) 
after autoclave treatment. Inset shows the location of the scans taken at a depth of 
x = 0.75 mm (see Figure 11). 
Table 1 shows the ultimate tensile strength of the IM7/epoxy and AS4/polyamide systems 
Material 
Average ultimate 
tensile strength (MPa) 
IM7/epoxy 672 ± 10 
AS4/polyamide 288 ± 18 
AS4/polyamide with autoclave 363 ± 26 
4. Conclusions  
Progressive damage has been examined in-situ in an SEM for three material systems, a 
thermoset IM7/epoxy composite system and two thermoplastic composite systems, IM7/PEEK 
and AS4/polyamide systems A similar damage sequence is observed for the IM7/epoxy and 
IM7/PEEK material, with cracks initiating in the 90° plies and propagating perpendicular to the 
loading direction. However, in the carbon AS4/polyamide test specimens, fibre breakage in 
the 0° plies was observed at low load, followed by transverse cracks in the 90° plies and finally 
interply delamination. The difference in the strengths of the material systems was found to be 
consistent with the strengths of the constituent materials. Overall, the performance of the 
thermoplastic IM7/PEEK system manufacture by LATP is found to be as good as, and possibly 
better than, that of a thermoset IM7/epoxy system manufactured in an autoclave. The 
performance of the IM7/PEEK system can be further improved by autoclave treatment post 
LATP which reduces the void content. The use of SEM microtesting and X-ray CT equipment 
provides a novel insight into the microscale phenomena that control the failure of these 
materials. This information can be used to tailor the material systems and their manufacturing 
processes, specifically for high throughout LATP processes. 
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